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A sense circuit for reading a resistance level of a program 
mable conductor random access memory (PCRAM) cell is 
provided. Avoltage potential difference is introduced across 
a PCRAM cell by activating an access transistor from a 
raised roW1ine voltage. Both a digit line and a digit comple 
ment reference line are precharged to a ?rst predetermined 
voltage. The cell being sensed has the precharged voltage 
discharged through the resistance of the programmable 
conductor memory element of the PCRAM cell. Acompari 
son is made of the voltage read at the digit line and at the 
reference conductor. If the voltage at the digit line is greater 
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PROGRAMMABLE CONDUCTOR RANDOM 
ACCESS MEMORY AND METHOD FOR SENSING 

SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to integrated memory 
circuits. More speci?cally, it relates to a method for sensing 
the content of a programmable conductor random access 

memory (PCRAM) cell. 

[0003] 2. Description of Prior Art 

[0004] DRAM integrated circuit arrays have eXisted for 
more than thirty years and their dramatic increase in storage 
capacity has been achieved through advances in semicon 
ductor fabrication technology and circuit design technology. 
The tremendous advances in these tWo technologies have 
also achieved higher and higher levels of integration that 
permit dramatic reductions in memory array siZe and cost, as 
Well as increased process yield. 

[0005] A DRAM memory cell typically comprises, as 
basic components, an access transistor (sWitch) and a capaci 
tor for storing a binary data bit in the form of a charge. 
Typically, a charge of one polarity is stored on the capacitor 
to represent a logic HIGH (e.g., binary “1”), and a stored 
charge of the opposite polarity represents a logic LOW (e.g., 
binary “0”). The basic draWback of a DRAM is that the 
charge on the capacitor eventually leaks aWay and therefore 
provisions must be made to “refresh” the capacitor charge or 
else the data bit stored by the memory cell is lost. 

[0006] The memory cell of a conventional SRAM, on the 
other hand, comprises, as basic components, an access 
transistor or transistors and a memory element in the form of 
tWo or more integrated circuit devices interconnected to 
function as a bistable latch. An eXample of such a bistable 
latch is cross-coupled inverters. Bistable latches do not need 
to be “refreshed,” as in the case of DRAM memory cells, 
and Will reliably store a data bit inde?nitely as long as they 
continue to receive supply voltage. 

[0007] Efforts continue to identify other forms of non 
volatile or semi-volatile memory elements. Recent studies 
have focused on resistive materials that can be programmed 
to exhibit either high or loW stable ohmic states. Aprogram 
mable resistance element of such material could be pro 
grammed (set) to a high resistive state to store, for eXample, 
a binary “1” data bit or programmed to a loW resistive state 
to store a binary “0” data bit. The stored data bit could then 
be retrieved by detecting the magnitude of a readout current 
sWitched through the resistive memory element by an access 
device, thus indicating the stable resistance state it had 
previously been programmed to. 

[0008] Recently programmable conductor memory ele 
ments have been devised. For example, chalcogenide glasses 
Which have sWitchable resistive states have been investi 
gated as data storage memory cells for use in memory 
devices, such as DRAM memory devices. US. Pat. Nos. 
5,761,115, 5,896,312, 5,914,893, and 6,084,796 all describe 
this technology and are incorporated herein by reference. 
One characteristic of a programmable conductor memory 
element such as one formed of the chalcogenide glasses 
described above is that it typically includes chalcogenide 
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glass Which can be doped With metal ions and a cathode and 
anode spaced apart on one or more surfaces of the glass. The 
doped glass has a normal and stable high resistance state. 
Application of a voltage across the cathode and anode 
causes a stable loW resistance path to occur in the glass. 
Thus, stable loW and high resistance states can be used to 
store binary data. 

[0009] A programmable conductor memory element 
formed of a doped chalcogenide glass material typically has 
a stable high resistance state Which may be programmed to 
a loW resistance state by applying a voltage across the 
memory element. To restore the memory cell to a high 
resistive state, typically one needs to program the cell With 
a negative, or inverse voltage Which is equal to or greater 
that the voltage used to program the memory element to the 
loW resistance state. One particularly promising program 
mable conductor chalcogenide glass has a GezSe glass 
composition and is doped With silver. 

[0010] Suitable circuitry for reading data from an array of 
programmable conductor memory elements has not yet been 
fully developed. Accordingly, in order to realiZe a functional 
programmable conductor memory, appropriate read cir 
cuitry is required to nondestructively sense data stored in the 
memory elements of the array. 

SUMMARY OF THE INVENTION 

[0011] A sense circuit for reading a resistance level of a 
programmable conductor random access memory (PCRAM) 
cell is provided. Avoltage potential difference is introduced 
across a PCRAM cell by activating an access transistor from 
a raised roWline voltage. Both a digit line and a digit 
complement reference line are precharged to a ?rst prede 
termined voltage. The cell being sensed has the precharged 
voltage discharged through the resistance of the program 
mable conductor memory element of the PCRAM cell. A 
comparison is made of the voltage read at the digit line and 
at the reference conductor. If the voltage at the digit line is 
greater than the reference voltage, the cell is read as a high 
resistance value (e.g., logic HIGH); hoWever, if the voltage 
measured at the digit line is loWer than that of the reference 
voltage, the cell is read as a loW resistance value (e.g., logic 
LOW). In an additional aspect of the invention, in order to 
reWrite a logic “HIGH” into the cell, the roWline associated 
With the cell being sensed may be raised to a higher voltage 
after the cell is sensed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing and other advantages and features of 
the invention Will become more apparent from the detailed 
description of preferred embodiments of the invention given 
beloW With reference to the accompanying draWings in 
Which: 

[0013] FIG. 1 depicts tWo memory arrays each employing 
a plurality of PCRAM memory cells, in accordance With an 
eXemplary embodiment of the invention; 

[0014] FIGS. 2(a)-2(LD each depict a PCRAM memory 
cell of FIG. 1; 

[0015] FIG. 3 depicts an N-sense ampli?er as used in the 
FIG. 1 memory array; 

[0016] FIG. 4 depicts a P-sense ampli?er as used in the 
FIG. 1 memory array; 
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[0017] FIG. 5 depicts a ?owchart describing an opera 
tional ?oW, in accordance With an exemplary embodiment of 
the invention; 

[0018] FIG. 6 depicts a timing diagram for a reading of 
high resistance in a sensed memory cell, in accordance With 
an exemplary embodiment of the invention; 

[0019] FIG. 7 depicts a timing diagram for a reading of 
loW resistance in a sensed memory cell, in accordance With 
an exemplary embodiment of the invention; and 

[0020] FIG. 8 depicts a block diagram of a processor 
based system containing a PCRAM memory, in accordance 
With an exemplary embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0021] The present invention Will be described as set forth 
in exemplary embodiments described beloW in connection 
With FIGS. 1-8. Other embodiments may be realiZed and 
other changes may be made to the disclosed embodiments 
Without departing from the spirit or scope of the present 
invention. 

[0022] In accordance With an exemplary embodiment of 
the invention, a pair of memory arrays are coupled to a 
respective plurality of sense ampli?ers Where each memory 
array is made up of a plurality of programmable conductor 
memory cells. In order to read a logical state of a given 
memory cell, an appropriate voltage difference must be 
placed across the programmable conductor memory ele 
ment. The voltage difference must be suf?cient to enable a 
read operation of the programmable conductor memory 
element, but insuf?cient to enable the element to be pro 
grammed (or Written to). Once the appropriate voltage 
difference exists across the memory element, a digit (bit) 
line voltage value is discharged through the memory cell and 
through the programmable conductor memory element. A 
predetermined period of time after the discharging begins, a 
comparison is made, via a sense ampli?er associated With 
the given memory cell, betWeen the digit line voltage and a 
digit complement reference voltage at a reference bit line. 

[0023] If after the predetermined time, the digit line volt 
age is higher than the voltage at the reference line, then a 
high resistive state is detected and the reference line is 
grounded. If, hoWever, the digit line voltage is loWer than the 
voltage at the reference line 106, then a loW resistive state 
is detected and the digit line is grounded. The reference 
voltage is supplied by a digit complement line associated 
With an adjacent memory array. The tWo adjacent memory 
arrays respectively serve as sources for the a reference 
voltage When the other of the tWo memory arrays contains 
a selected memory cell. FIG. 1 provides greater detail of an 
exemplary embodiment of the invention. 

[0024] FIG. 1 depicts a portion of a pair of memory arrays 
100, 165, each having a plurality of columns 108, 112, 106, 
110 and roWs 122, 126, 128, 124, 130, 132. At each 
intersection of columns and roWs there is formed a program 
mable conductor random access memory (PCRAM) cell 
such as memory cell 120. Sense ampli?er 102 receives 
inputs from column line 108 and column line 106. Sense 
ampli?er 104 receives inputs from column line 112 and 
column line 110. Each sense ampli?er 102, 104 is con?gured 
to compare a voltage at a digit (bit) line (e.g., 108) of a cell 
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120 being read With a voltage at a reference line (e.g., 106) 
in order to determine Whether the sensed memory cell 120 
is storing a value of logic HIGH or logic LOW. In the FIG. 
1 arrangement, if cell 120 is being read, a voltage at digit line 
108 is compared With a reference voltage on complementary 
digit line 106 by sense ampli?er 102. 

[0025] Depending upon Which side of the sense ampli?er 
102 contains the memory cell 120 of interest, the digit line 
108 or 106 acts as the digit line D and the digit line 106 on 
the other side acts as the reference digit line D*. In this 
example, it is assumed that memory cell 120 is the cell being 
sensed. The column line 108 associated With memory cell 
120 is referred to as the digit (bit) line D. Column line 106 
is referred to as the digit complement line D*, or the 
reference line. 

[0026] Each programmable conductor memory cell 120 
consists of an access transistor 114 and a programmable 
conductor memory element 116. One end of the program 
mable conductor memory element 116 is coupled to a cell 
plate 118. The other end of the programmable conductor 
memory element 116 is coupled to a source/drain terminal of 
access transistor 114. Another source/drain terminal of 
access transistor 114 is coupled to digit line 108. A gate of 
the access transistor 114 is coupled to a roWline 122 asso 
ciated With the memory cell 120. 

[0027] Further, the D and D* lines are coupled to a 
pre-charging circuit 175 for precharging the D and D* lines 
to a predetermined voltage value (e.g., Vdd). The D* line is 
coupled to one terminal of p-type complementary metal 
oxide semiconductor (CMOS) transistor 177 and another 
terminal of transistor 177 is coupled to Vdd. The D line is 
coupled to one terminal of p-type CMOS transistor 179 and 
another terminal of transistor 179 is coupled to Vdd. The 
gates of both transistors 177, 179 are coupled together for 
receiving a precharge control signal. When the precharge 
control signal is received, both transistors 177, 179 are 
turned on and both the digit line D and digit-complement 
line D* are charged to Vdd. FIG. 1 also shoWs an equilibrate 
circuit 176 for equalizing the voltage on the D and D* digit 
lines. After the D and D* are precharged to Vdd by a 
precharge signal, the lines are then equilibrated by an 
equilibrate EQ signal applied to transistor 180. 

[0028] Turning to FIG. 2(a), a simpli?ed schematic dia 
gram of programmable conductor memory cell 120 is 
depicted. Using the representative cell 120 to describe the 
invention, digit line D 108 is coupled to Vdd during pre 
charge and also coupled to a ?rst terminal of access tran 
sistor 114. Access transistor 114 is depicted as n-type CMOS 
transistor; hoWever, access transistor 114 may easily be 
replaced With a p-type CMOS transistor as long as the 
corresponding polarities of the other components and volt 
ages are modi?ed accordingly. A second terminal of tran 
sistor 114 is coupled to a ?rst terminal of programmable 
conductor memory element 116. As mentioned above, pro 
grammable conductor memory element 116 may be made of 
chalcogenide glass, or any other bistable resistive material 
that alloWs for the storage of binary values. The program 
mable conductor memory element 116 is coupled to cell 
plate 118 Which is also a common conductor for a plurality 
of programmable conductor memory elements. The cell 
plate 118 is tied to a voltage terminal for providing a 
predetermined voltage level (e.g., Vdd/2) to the cell plate 
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118. A gate of access transistor 114 is tied to roWline 122. 
When suf?cient voltage is applied to roWline 122, access 
transistor 114 is turned on and conducting and couples the 
digit line D 108 to the programmable conductor memory 
element 116. 

[0029] The voltage value applied to roWline 122 dictates 
What operation is being performed on the programmable 
conductor memory element 116. For instance, assuming the 
D line 108 is tied to Vdd (e.g., 2.5V) and the cell plate is tied 
to 1/2 Vdd (e.g., 1.25V), in order to activate the access 
transistor 114, a minimum of 205V must be applied to its 
gate. A voltage of 205V at the gate of access transistor 114 
is suf?cient to turn on transistor 114 since that creates a 
difference of potential of at least the threshold voltage (Vt), 
approximately 0.8V, betWeen the gate and the source/drain 
terminal coupled to the cell plate 118. 

[0030] While 205V applied to the gate of access transistor 
114 is suf?cient to turn it on, it is not suf?cient for reading 
from or Writing to the programmable conductor memory cell 
120. In accordance With an exemplary embodiment of the 
invention, approximately 0.2V is required to be across the 
programmable conductor memory element 116 in order to 
read it. Further, in order to Write (e.g., re-program its value) 
to the programmable conductor memory element 116, a 
minimum of 025V is required to be across it and the polarity 
of the 0.25V depends on Whether a logic HIGH or a logic 
LOW is being reWritten to the memory element 116. 

[0031] Turning to FIG. 2(b), the voltage levels and their 
polarities are discussed in greater detail. For a read opera 
tion, since approximately 0.2V is required across the pro 
grammable conductor memory element 116, a voltage of 
approximately 225V is applied to the roWline 122 coupled 
to the gate of access transistor 122. The threshold voltage, 
Vt, is subtracted from 225V and point A is approximately 
1.45V. The cell plate being at 1.25V leaves a voltage drop of 
0.2V across the programmable conductor memory element 
116; a voltage sufficient for reading the contents of the 
element 116, but insuf?cient for Writing to the element 116. 

[0032] FIG. 2(c) depicts exemplary voltage levels and 
polarities for Writing a logic LOW back into the program 
mable conductor memory element 116. As Will be described 
in greater detail beloW, When a logic LOW level has been 
read as being stored by the programmable conductor 
memory cell 120, the D line 108 is grounded by the sense 
ampli?er 102. Point A is also at approximately ground and, 
therefore, a voltage drop of approximately —1.25V is across 
the programmable contact and the logic LOW may be 
reWritten back into the programmable conductor memory 
element 116. 

[0033] FIG. 2(a) depicts exemplary voltage levels and 
polarities for Writing a logic HIGH back into the program 
mable conductor memory element 116. As Will be described 
in greater detail beloW, When a logic HIGH level has been 
read as being stored by the programmable conductor 
memory cell 120, the D line 108 is boosted to approximately 
Vdd by the sense ampli?er 102. Then, the roWline 122 is 
raised from approximately 225V (its voltage level during 
the read operation) to approximately Vdd, thereby placing a 
voltage of approximately 1.7V at point A. The 1.7V at point 
A creates a potential difference of approximately 0.45V 
across the programmable conductor memory element 116 in 
order to reWrite the logic HIGH level. 
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[0034] Referring back to FIG. 1, the sense ampli?er 102 
includes an N-sense ampli?er portion and a P-sense ampli 
?er portion. FIG. 3 depicts the N-sense ampli?er portion 
350. A ?rst terminal of N-sense ampli?er 350 receives digit 
complement line D* (i.e., the column line in the memory 
array adjacent to the memory array that contains the memory 
cell of interest) and is also coupled to a gate of n-type CMOS 
transistor 305 and a ?rst terminal of n-type CMOS transistor 
300. A second terminal of N-sense ampli?er 350 receives 
digit line D (i.e., the column line in the memory array that 
contains the cell of interest) and is also coupled to a gate of 
transistor 300 and a ?rst terminal of transistor 305. Asecond 
terminal of transistor 300 and a second terminal of transistor 
305 are coupled to a ?rst terminal of CMOS transistor 310. 
Asecond terminal of transistor 310 is coupled to ground and 
a gate of transistor 310 receives a Fire N control signal. The 
Fire N control signal is received by the N-sense ampli?er 
350 a predetermined time after the desired memory cell 
roWline is ?red, as Will be described beloW. 

[0035] FIG. 4 depicts a P-sense ampli?er portion 360 of 
a sense ampli?er such as sense ampli?er 102. A?rst terminal 
of P-sense ampli?er 360 receives digit complement line D* 
and is also coupled to a gate of p-type CMOS transistor 330 
and a ?rst terminal of p-type CMOS transistor 325. Asecond 
terminal of P-sense ampli?er 360 receives digit line D and 
is also coupled to a gate of transistor 325 and a ?rst terminal 
of transistor 330. A second terminal of transistor 325 and a 
second terminal of transistor 330 are coupled to a ?rst 
terminal of transistor 320. A gate of transistor 320 receives 
a Fire P control signal. The Fire P control signal is received 
by the P-sense ampli?er 360 a predetermined time after the 
Fire N control signal is received by the N-sense ampli?er 
350. 

[0036] Turning to FIG. 5, a ?oWchart describing an opera 
tional How of the FIGS. 1 and 2 schematic diagrams is 
depicted, in accordance With an exemplary embodiment of 
the invention. In this exemplary process ?oW, the folloWing 
parameters of the PCRAM cell are presumed: i) that the 
erase voltage to groW a dendrite in programmable conductor 
memory element 116 sWitching it to a high resistance state 
and thus Write a logic “1” is 025V; (ii) that the erase current 
is approximately 10 MA; (iii) that the program voltage (Write 
a “1” element to logic “0”) is —0.25V; (iv) that the program 
current is approximately 10 MA; (v) that the resistance 
corresponding to a logic “0” is approximately IOKQ; and 
(vi) that the resistance corresponding to a logic “1” is any 
value greater than approximately 10 M9. It should be 
readily apparent that alternative parameters and operating 
voltages and resistances may be selected for the PCRAM 
cell Without departing from the spirit and scope of the 
invention. 

[0037] The process begins at process segment 500. At 
segment 502, sense ampli?er 102 sees the tWo lines D and 
D*, Where both D and D* are respective column lines 108, 
106 from different memory arrays 100, 165. For purposes of 
this description, We Will assume Vdd is approximately 2.5V. 
The cell plate 118 is tied to a predetermined voltage (e.g., 
Vdd/2, or approximately 1.25V) Which is either a condition 
Which is present Whenever the memory is active, or one 
Which can be sWitched to by memory operation. In this 
illustrated embodiment, the Vdd/2 voltage is turned on at 
processing segment 506. At segment 508, both lines D, D* 
108, 106 are precharged to a predetermined voltage (e.g., 
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Vdd=approximately 2.5 V) via precharge circuit 175 and 
then equilibrated by equilibrate circuit 176. 

[0038] A selected roWline 122 is ?red at segment 510 by 
applying a predetermined voltage from a roWline decoder to 
that roWline 122. In this example, the predetermined voltage 
has been selected to be approximately 2.25V as Will be 
described herein. In order to read the contents of the memory 
cell 120, or more speci?cally, in order to read the resistance 
of the programmable conductor memory element 116 of the 
memory cell 120, a voltage of approximately 0.2V must be 
present across the element 116. This means that a voltage of 
approximately 2.25V must be applied to the roWline 122. A 
voltage of approximately 2.25V applied to roWline 122 turns 
on transistor 114. Since the threshold voltage of transistor 
114 is approximately 0.8V, then a voltage of approximately 
1.45V is present at point AWhile a voltage of approximately 
1.25V is present at the cell plate 118 for a difference of 
approximately 0.2V, the required read voltage, as indicated 
at segment 512 of FIG. 5. 

[0039] It should be mentioned that When access transistor 
114 is conducting, the voltage of the digit line D 108 is 
actually increased by approximately 0.1V (up to approxi 
mately 2.6V) due to a parasitic capacitance (e.g., 138 of 
FIG. 1) inherent betWeen the column line 108 and the 
roWline 122 of the memory cell. This results in approxi 
mately a 0.1V difference betWeen digit line D, the column 
line 108 associated With the cell being read 120, and D* 106, 
the reference digit line. The parasitic capacitance 138 may 
be varied as a function of the construction of the memory 
cell or an additional capacitance in the form of a fabricated 
capacitor can also be provided Which is sWitched in circuit 
and connected With digit line D 108 during a read operation; 
therefore, in accordance With an exemplary embodiment of 
the invention, the amount of voltage increase When the 
roWline 122 is ?red can be controlled by the memory 
architecture. The increase in the voltage at D 108 is 
described at segment 514. 

[0040] There are other Ways to increase the voltage dif 
ference betWeen D and D*, as seen by the sense ampli?er 
102. For instance, a dummy roW line 124 could be employed 
in the memory array that is not of interest (e.g., 165) such 
that the dummy roWline 124 is alWays on and precharged to 
Vdd (approximately 2.5V). Then, When the desired roWline 
122 is ?red, and the desired digit line D 108 is raised to 
approximately 2.6V, due to the parasitic capacitance 138, the 
dummy roWline 124 is turned off and, as a result, the voltage 
at digit complement line D* 106 drops to approximately 
2.4V due to the parasitic capacitance 138 betWeen the 
dummy roWline 124 and column line 106. The end result is 
that D 108 and D* 106 differ by at least approximately 0.2V 
When D 108 begins to discharge as described beloW. 

[0041] Still referring to FIG. 5, at segment 516, the digit 
line of interest D 108 begins to discharge from approxi 
mately 2.6V through the resistance of the programmable 
conductor memory element doWn to approximately 1.25V, 
the cell plate 118 voltage. The longer the discharge operation 
takes, the greater the resistance level of the programmable 
conductor memory element 116. Apredetermined time (e.g., 
15-30 ns) after the selected roWline 122 is ?red, at segment 
510, the N-sense ampli?er 350 is enabled, via control signal 
Fire N, at segment 518 Which compares the voltage on the 
D 108 and D* 106 lines. At segment 520, a determination is 
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made as to Whether the programmable conductor element 
116 has a loW or high resistance level. 

[0042] For example, at segment 522, a determination is 
made as to Whether the initial voltage on D 108 has 
discharged beloW the voltage on D* 106 in the predeter 
mined timeframe (e.g., 15-30 ns). Referring back to FIG. 3, 
the voltage values at D* 106 and D 108 are respectively fed 
to gates of transistors 305 and 300. If at the predetermined 
time t2, the voltage at the digit line D 108 is higher than the 
voltage at the digit complement line D* 106, then D* 106 is 
grounded and D remains ?oating and considered as having 
a high resistance level (e.g., logic HIGH) at segment 524. 

[0043] It should be noted that roWline 122 may be turned 
off after the access transistor 114 is turned on. Doing so, 
hoWever, Will present the programmable conductor memory 
element 116 from being reWritten. This may be desired When 
a logic HIGH Was read since a re-Write may not be desired 
after each read operation of a logic HIGH as this is the 
normal state of the programmable conductor memory ele 
ment 116 and repeated unnecessary re-Writing may result in 
damage to the element 116 over time. 

[0044] Still referring to segment 522, if at the predeter 
mined time t2, the voltage at D 108 is loWer than that at D* 
106, then line D 108 is grounded and D 108 is considered as 
having a loW resistance level (e.g., logic LOW) at segment 
526. 

[0045] At segment 528, P-sense ampli?er 360 is enabled, 
via control signal Fire P, a predetermined time (e.g., 1-5 ns) 
t3 after the N-sense ampli?er 350 is enabled. If a high 
resistance level Was recogniZed at segment 524 (i.e., D 108 
is logic HIGH), then transistor 330 is on and transistor 325 
is off and the voltage at line D 108 is boosted to approxi 
mately Vdd at segment 530. 

[0046] If a loW resistance level Was recogniZed at segment 
524 (i.e., D 108 is logic LOW), then transistor 330 is off and 
transistor 325 is on and line D* 106 is maintained at 
approximately Vdd at segment 532. 

[0047] At segment 534, the roWline 122 voltage is raised 
to approximately Vdd. If the programmable conductor 
memory element 116 contained a loW resistive state, then, as 
described above, raising the roWline 122 voltage to approxi 
mately Vdd is not necessary to re-Write a loW resistive state; 
hoWever, the roWline 122 is nonetheless raised in order to 
facilitate re-Writing a high resistance state. That is, if the 
programmable conductor memory element 116 contained a 
high resistive state, then raising the roWline 122 to approxi 
mately Vdd sets the voltage at point A to approximately 
1.7V, thereby placing a voltage potential difference of 
approximately 0.45V across the programmable conductor 
memory element 116 Which is suf?cient for re-Writing. 

[0048] FIG. 6 depicts a timing diagram shoWing a process 
How for ?nding a high resistance level, as described in 
connection With a portion of FIG. 5. For example, initially, 
both D 108 and D* 106 are precharged to approximately 
Vdd. At time t1, roWline 122 ?res and turns on transistor 114. 
The voltage at D 108 increases by approximately 0.1V to 
approximately 2.6V due to the parasitic capacitance 138 
betWeen roWline 122 and column line 108. Then, line D 108 
is discharged from approximately 2.6V for approximately 
1530 ns While line D* 106 is maintained at approximately 
Vdd. At time t2, N-sense ampli?er 350 is enabled and 
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compares the voltage at line D 108 With that of line D* 106. 
If the voltage measured at D 108 is greater than that of D* 
106, then a high resistance level is recognized, as described 
in connection With FIG. 5. In addition, line D* 106 is forced 
to ground (0V) at time t2. At time t3, P-sense ampli?er 360 
is enabled and line D is boosted to Vdd and read as logic 
HIGH. At time t4, the roWline 122 voltage is increased from 
approximately 2.25 to approximately Vdd, thereby enabling 
the contents of the programmable conductor element 116 to 
be reWritten. 

[0049] FIG. 7 depicts a timing diagram shoWing a process 
How for ?nding a loW resistance level, as described in 
connection With a portion of FIG. 5. For example, initially, 
both line D 108 and line D* 106 are precharged to approxi 
mately Vdd. At time t1, roWline 122 ?res and turns on 
transistor 114. The voltage at D 108 increases by approxi 
mately 0.1V to approximately 2.6V due to parasitic capaci 
tance 138. Then, D 108 is discharged from approximately 
2.6V for approximately 15-30 ns While D* 106 is maintained 
at approximately Vdd. At time t2, N-sense ampli?er 350 is 
enabled and compares the voltage at line D 108 With that of 
line D* 106. If the voltage measured at D 108 is less than 
that of D* 106, then a loW resistance level is recogniZed, as 
described in connection With FIG. 5. In addition, line D 108 
is forced to ground (0V) at time t2. At time t3, P-sense 
ampli?er 360 is enabled and line D remains at 0V and is read 
as logic LOW and line D* is maintained at approximately 
Vdd. At time t4, roWline 122 voltage is increased from 
approximately 2.25 to approximately Vdd. As described 
above, although this is not necessary to re-Write a loW 
resistance level in the programmable conductor memory 
element 116, it is done so that other memory cells storing a 
high resistance level may be reWritten. 

[0050] FIG. 8 illustrates a block diagram of a processor 
system 800 containing a PCRAM semiconductor memory as 
described in connection With FIGS. 1-7. For example, the 
PCRAM memory arrays 100, 165 described in connection 
With FIGS. 1-7 may be part of random access memory 
(RAM) 808 Which may be constructed as a plug-in module 
containing one or more memory devices having the PCRAM 
structure described above. The processor-based system 800 
may be a computer system or any other processor system. 
The system 800 includes a central processing unit (CPU) 
802, e.g., a microprocessor, that communicates With ?oppy 
disk drive 812, CD ROM drive 814, and RAM 808 over a 
bus 820. It must be noted that the bus 820 may be a series 
of buses and bridges commonly used in a processor-based 
system, but for convenience purposes only, the bus 820 has 
been illustrated as a single bus. An input/output (I/O) device 
(e.g., monitor) 804, 806 may also be connected to the bus 
820, but are not required in order to practice the invention. 
The processor-based system 800 also includes a read-only 
memory (ROM) 800 Which may also be used to store a 
softWare program. 

[0051] Although the FIG. 8 block diagram depicts only 
one CPU 802, the FIG. 8 system could also be con?gured 
as a parallel processor machine for performing parallel 
processing. As knoWn in the art, parallel processor machines 
can be classi?ed as single instruction/multiple data (SIMD), 
meaning all processors execute the same instructions at the 
same time, or multiple instruction/multiple data (MIMD), 
meaning each processor executes different instructions. 
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[0052] The present invention provides a PCRAM cell 120 
and a method for reading the contents of the memory cell 
120. The memory cell 120 consists of a programmable 
conductor memory element 116 in series With a ?rst terminal 
of an access transistor 114. The other side of the program 
mable conductor memory element 116 is coupled to a cell 
plate 118 that may extend across a plurality of program 
mable conductor memory elements 116. A second terminal 
of the access transistor 114 is coupled to a column line 108, 
Which can be the desired digit line The gate of the 
transistor 114 is coupled to the roWline 122 of the memory 
cell 120. A ?rst predetermined voltage potential (e.g., Vdd) 
is applied to digit line D 108 and a reference digit line D* 
106 of an adjacent memory array 165. A second predeter 
mined voltage potential is applied to the cell plate 118. When 
the roWline 122 for a desired memory cell 120 is ?red With 
a third predetermined voltage potential (e.g., approximately 
2.25V), the access transistor 114 is turned on and conducts 
and digit line D 108 discharges for a predetermined time 
period (e.g., 15-30 ns) at Which time, line D 108 and line D* 
106 are compared With each other, With sense ampli?er 102, 
in order to determine Whether the programmable conductor 
element 116 contains a high or loW resistance level. The 
memory cell 120 being read is then prepared for a next cycle 
by precharging both line D 108 and line D* 106, as Well as 
the roWline 122 voltage, up to approximately Vdd so that the 
high resistance level may be reWritten to the memory cell 
120 if the memory cell did in fact have a high resistance 
level. If the memory cell 120 had a loW resistance level, then 
raising the voltage potentials of lines D 108 and D* 106 and 
the roWline 122 Will have no effect on the resistance of the 
memory cell 120. 

[0053] While the invention has been described in detail in 
connection With preferred embodiments knoWn at the time, 
it should be readily understood that the invention is not 
limited to the disclosed embodiments. Rather, the invention 
can be modi?ed to incorporate any number of variations, 
alterations, substitutions or equivalent arrangements not 
heretofore described, but Which are commensurate With the 
spirit and scope of the invention. For example, although the 
invention has been described in connection With speci?c 
voltage levels, it should be readily apparent that voltage 
levels very different than those described herein can be used 
to achieve the same results. In addition, although the inven 
tion has been described in connection With n-type and p-type 
CMOS transistors, it should be readily apparent that comple 
mentary CMOS transistors can be used instead. Further 
more, although the invention has been described in connec 
tion With a speci?c polarity for the memory cell 120, that 
polarity may be reversed resulting in different voltage levels 
being applied to the transistor 114, cell plate 118, digit line 
D 108 and digit complement line D* 106. Accordingly, the 
invention is not limited by the foregoing description or 
draWings, but is only limited by the scope of the appended 
claims. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. A method of sensing a stored value of a programmable 

conductor random access memory element, the method 
comprising: 

precharging a digit line and a digit complement line to a 
predetermined voltage value; 
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activating an access transistor coupled between said ele 
ment and said digit line to apply a read voltage to said 
element; and 

comparing the voltage on said digit line With a voltage on 
said digit complement line to determine a logical state 
of said element. 

2. The method of claim 1, Wherein said act of precharging 
comprises precharging said digit line and said digit comple 
ment line to approximately Vdd. 

3. The method of claim 1, Wherein said act of precharging 
comprises receiving a precharge control signal at a pre 
charge circuit and coupling said digit line and said digit 
complement line to approximately Vdd. 

4. The method of claim 1, Wherein said act of precharging 
further comprises equilibrating said voltage on said digit line 
and said voltage on said digit complement line. 

5. The method of claim 1, Wherein said act of activating 
comprises ?ring a roWline coupled to a gate of said access 
transistor. 

6. The method of claim 1 further comprising discharging 
said voltage on said digit line for a predetermined period of 
time before said act of comparing. 

7. The method of claim 6, Wherein said act of discharging 
further comprises discharging said voltage on said digit line 
from a voltage value approximately equal to said predeter 
mined voltage plus an additional voltage. 

8. The method of claim 7, Wherein said additional voltage 
is due to parasitic capacitance betWeen said digit line and a 
roWline coupled to said access transistor. 

9. The method of claim 1 further comprising reading a loW 
resistance level at said element. 

10. The method of claim 9 further comprising reWriting 
said loW resistance level into said element. 

11. The method of claim 1 further comprising reading a 
high resistance level at said element. 

12. The method of claim 1 further comprising applying a 
voltage to a second terminal of said memory element, said 
voltage being betWeen 0 v and said predetermined voltage. 

13. The method of claim 12, Wherein said act of applying 
comprises applying said voltage to a cell plate ties to said 
second terminal of said memory element. 

14. A method for reading a semiconductor memory cell, 
the method comprising: 

setting a voltage of a cell plate of said cell, to Which a ?rst 
portion of a resistive element of said cell is coupled, to 
a ?rst predetermined voltage; 

charging a ?rst terminal of an access transistor of said cell 
and a reference conductor to a second predetermined 
voltage, Wherein said ?rst terminal is coupled to a 
column line of said cell, Wherein a second terminal of 
said transistor is coupled to a second portion of said 
resistive element, and Wherein said ?rst terminal and 
said reference conductor are coupled to respective 
inputs of a comparator; 

charging a gate of said access transistor to a third prede 
termined voltage in order to read said cell, Wherein said 
gate is coupled to a roWline of said cell; 

discharging said ?rst terminal from said second predeter 
mined voltage through the resistive element; and 

comparing a voltage at said ?rst terminal With said second 
predetermined voltage a predetermined period of time 
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after said act of discharging begins in order to deter 
mine a logical state of said cell. 

15. The method of claim 14, Wherein said second prede 
termined voltage is greater than said ?rst predetermined 
voltage. 

16. The method of claim 14, Wherein said act of discharg 
ing comprises discharging said ?rst terminal from a fourth 
predetermined voltage that is slightly different from said 
second predetermined voltage, said fourth predetermined 
voltage resulting from a parasitic capacitance associated 
With said column line. 

17. The method of claim 14 further comprising changing 
said third predetermined voltage to a level suf?cient to 
reWrite said resistance level to said memory cell after said 
memory cell has been read. 

18. The method of claim 17, Wherein said act of changing 
comprises increasing said third predetermined voltage to 
said second predetermined voltage. 

19. The method of claim 18, Wherein said act of increas 
ing comprises increasing said third predetermined voltage 
level to approximately Vdd. 

20. The method of claim 17 further comprising reWriting 
said high resistance level to said memory cell. 

21. The method of claim 14, Wherein said act of setting 
comprises setting said voltage of said cell plate to approxi 
mately Vdd. 

22. The method of claim 21, Wherein said act of setting 
comprises setting said voltage of said cell plate to approxi 
mately Vdd/2. 

23. The method of claim 14, Wherein said act of charging 
a ?rst terminal of a transistor comprises charging said ?rst 
terminal and said reference conductor to approximately 
Vdd. 

24. The method of claim 14, Wherein said act of charging 
a gate comprises charging said gate to a value sufficient for 
reading said resistive element, but less than a value that 
Would enable said cell to be programmed. 

25. The method of claim 24, Wherein said act of charging 
said gate comprises charging said gate to a voltage level 
betWeen said ?rst and second predetermined voltages. 

26. The method of claim 16, Wherein said act of discharg 
ing said ?rst terminal comprises discharging said ?rst ter 
minal from approximately Vdd plus an additional voltage. 

27. The method of claim 26, Wherein said act of discharg 
ing said ?rst terminal comprises discharging said ?rst ter 
minal from approximately Vdd plus approximately 0.1V. 

28. The method of claim 14, Wherein said act of compar 
ing comprises comparing said voltage at said ?rst terminal 
With said second predetermined voltage approximately 
15-30 ns after said act of discharging has begun. 

29. The method of claim 14 further comprising determin 
ing said memory cell has a logic HIGH state. 

30. The method of claim 14 further comprising determin 
ing said memory cell has a logic LOW state. 

31. A method for sensing a stored value of a program 
mable conductor random assess memory cell, the method 
comprising: 

precharging a digit line coupled to a ?rst terminal of an 
access transistor of said cell to a ?rst predetermined 
voltage; 

charging a cell plate of said cell to a second predetermined 
voltage, said second predetermined voltage being a 
value betWeen 0V and said ?rst predetermined voltage; 
and 
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applying a third predetermined voltage to a roWline 
coupled to a gate of said access transistor such that a 
resulting voltage across said programmable conductor 
memory cell is suf?cient to read a logical state of said 
cell, but insufficient to program said cell. 

32. A method for sensing a stored value of a program 
mable conductor random access memory cell, the method 
comprising: 

precharging a digit line to a reference voltage value, said 
digit line being coupled to a ?rst terminal of an access 
transistor of said cell; 

charging a cell plate of said cell to a ?rst predetermined 
voltage, said ?rst predetermined voltage being a value 
betWeen 0V and said reference voltage value; 

?ring a roWline of said memory cell by applying a second 
predetermined voltage, said second predetermined 
voltage being sufficient to read said memory cell, but 
insufficient to program said memory cell; and 

comparing a voltage read at said digit line With said 
reference voltage in order to determine a logical state of 
said memory cell. 

33. A semiconductor memory structure comprising: 

a digit line and a digit complement line; 

a circuit for precharging said digit line and said digit 
complement line to a predetermined voltage value prior 
to a read operation; 

an access transistor for coupling a programmable conduc 
tor memory element to said digit line during a read 
operation; and 

a sense ampli?er for comparing voltages on said digit line 
and said digit complement line during said read opera 
tion to determine a logical state of said memory ele 
ment. 

34. The structure of claim 33, Wherein said predetermined 
voltage is approximately Vdd. 

35. The structure of claim 33, Wherein said programmable 
conductor memory element comprises a chalcogenide glass 
having ?rst and second electrodes. 

36. The structure of claim 35, Wherein said chalcogenide 
glass has a Ge, Se and Ag composition. 

37. The structure of claim 33 further comprising a vari 
able parasitic capacitance betWeen said digit line and a 
roWline of said memory structure, said variable parasitic 
capacitance causing said digit line to be charged to a voltage 
level higher than said predetermined voltage during said 
read operation. 

38. The structure of claim 33, Wherein said digit comple 
ment line is associated With a memory array different from 
a memory array With Which said memory cell is associated. 

39. The structure of claim 33 further comprising an 
equilibrate circuit for equilibrating said digit line and said 
digit complement line to said predetermined voltage. 

40. A semiconductor memory comprising: 

a programmable conductor memory element; 

a column line; 

a roWline; 

a conductor for applying a ?rst voltage to a ?rst terminal 
of said programmable conductor memory element; 
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a transistor for selectively coupling said column line to 
another terminal of said programmable conductor 
memory element in response to a gate voltage applied 
to said roWline; 

a sense ampli?er coupled to said column line and a 

reference conductor; and 

a precharge circuit for precharging said column line and 
reference conductor to a predetermined voltage prior to 
application of a gate voltage to said roWline, 

said sense ampli?er comparing a voltage on said column 
line and reference line to determine a resistance value 
of said programmable conductor memory element after 
said gate voltage is applied to said roWline. 

41. The memory of claim 40, Wherein said ?rst voltage is 
a voltage betWeen 0V and approximately Vdd. 

42. The memory of claim 40, Wherein said programmable 
conductor memory element comprises a chalcogenide glass 
having ?rst and second electrodes. 

43. The memory of claim 42, Wherein said chalcogenide 
glass has a Ge, Se and Ag composition. 

44. The memory of claim 40, Wherein said gate voltage is 
suf?cient to read said memory element but insufficient to 
program said memory element. 

45. The memory of claim 40 further comprising a variable 
parasitic capacitance associated With said column line, said 
variable parasitic capacitance causing said column line to be 
charged to a voltage level higher than said predetermined 
voltage supplied by said precharge circuit in response to said 
gate voltage being applied to said roWline. 

46. The memory of claim 45, Wherein said variable 
parasitic capacitance causes said column line to be charged 
to approximately 0.1V higher than said predetermined volt 
age supplied by said precharge circuit. 

47. The memory of claim 40, Wherein said sense ampli?er 
comprises: 

an N-sense ampli?er; and 

a P-sense ampli?er coupled to said N-sense ampli?er, 
Wherein said N-sense ampli?er and said P-sense ampli 
?er compare voltage values at said column line and said 
reference conductor. 

48. The memory of claim 40, Wherein said reference 
conductor is associated With a memory array different from 
a memory array With Which said memory element is asso 
ciated. 

49. The memory of claim 40 further comprising a dummy 
roWline associated With said reference conductor, said 
dummy roWline normally being ?red to a dummy roWline 
voltage and When said gate voltage is applied to said 
roWline, said dummy roWline is deactivated such that said 
predetermined voltage at said reference conductor decreases 
due to parasitic capacitance at a column line associated With 
said dummy roWline. 

50. A processor system, comprising: 

a processor; and 

a semiconductor memory structure coupled to said pro 
cessor, said semiconductor memory structure compris 
ing: 
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a digit line and a digit complement line; 

a circuit for precharging said digit line and said digit 
complement line to a predetermined voltage value 
prior to a read operation; 

an access transistor for coupling a programmable con 
ductor memory element to said digit line during a 
read operation; and 

a sense ampli?er for comparing voltages on said digit 
line and said digit complement line during said read 
operation to determine a logical state of said memory 
element. 

51. The system of claim 50, Wherein said predetermined 
voltage is approximately Vdd. 

52. The system of claim 50, Wherein said programmable 
conductor memory element comprises a chalcogenide glass 
having ?rst and second electrodes. 

53. The system of claim 52, Wherein said chalcogenide 
glass has a Ge, Se and Ag composition. 

54. The system of claim 50 further comprising a variable 
parasitic capacitance betWeen said digit line and a roWline of 
said memory cell, said variable parasitic capacitance causing 
said digit line to be charged to a voltage level higher than 
said predetermined voltage during said read operation. 

55. The system of claim 50 Wherein said digit comple 
ment line is associated With a memory array different from 
a memory array With Which said memory cell is associated. 
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56. A processor system comprising: 

a processor; and 

a semiconductor memory coupled to said processor, said 
semiconductor memory comprising: 

a programmable conductor memory element; 

a column line; 

a roWline; 

a conductor for applying a ?rst voltage to a ?rst 
terminal of said programmable conductor memory 
element; 

a transistor for selectively coupling said column line to 
another terminal of said programmable conductor 
memory element in response to a gate voltage 
applied to said roWline; 

a sense ampli?er coupled to said column line and a 
reference conductor; and 

a precharge circuit for precharging said column line and 
reference conductor to a predetermined voltage prior 
to application of a gate voltage to said roWline, 

said sense ampli?er comparing a voltage on said col 
umn line and reference line to determine a resistance 
value of said programmable conductor memory ele 
ment after said gate voltage is applied to said roW 
line. 


